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Abstract

Currently, several thousand curies per year of ruthenium flow onto
the bed of formef ¥White Osk Leke from the Ozk Ridge Rational laboratory's
intemediate—level waste pits. As the waste water traverses the leke bed,
more than half of the ruthenium is removed from solution. The ruthenium
that is not sorbed on the lske-bed soll drains into Yhite Osk Creek, o
tributary of the Clinch River.

An invesiigation was made to determine the quantity and distribution
of ruthenium in the soil of the lake bed and to identify znd define geo-
hydrological factors affecting the movement of ruthenium through the lake
bed. As of Pebruary 1962, the lake bed contained opproximately 1200 curles
of ruthenivm, ,@e ruthenium is present mainly in two tracts of contamina-
tion, ccveri& approximately 10 =zcres, that coincide roughly with the sur-
face flow ofvaste over the bed, The highest concentrations of ruthenium

occur in the uppermost few inches of the lake bed, and sbout 70% of the
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setivity is in the top & feet of soil.
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The lake bed is underlain by o thin layer of recent lacustrine sedl-
mént, seve:al feet qf alluvium, znd the Conasauga shale Tormation of Cambrion
age.r Water-level measurements indicate that the depth %o ground water varies
from < 1 to 5 feet below the surface. The subsurfzce migration of ruthenium
follows closely_the;paths indicated by water-table contours. The rate of
ground-water movemént in the upper 2 feet of soil varies'fram 1 to 5 feet
ver day, while movement in the meterdal £ to 5 feet below the surface rEnges
from 0,05 to 0.25 feet per day. Thus, the maximum rate of travel of ruthenium
in the upper layers of soil.is coproximately 20 times that of the lower luyers.

Only 2 small fraction of the rutheniuwm that enters White Ock Creek from
the lake bed is transported by ground water through the "lake-bed soil into
the creek. The ruthenium that is neot sorbed mc&es =t such = slow rate through
the soll that radioactive decay reduces the concentration of that reaching';
the creek to insignificant proportions. The amount of surface flow and,
consequently, the guantity of ruthenium thét reaches the creek {rom the lake
bed varies seasonally; ing the dxy suﬁmér months, drainage from the waste
pits recharges the ground water in the lake bed, ond, thus, there is little
surface flow and, comsequently, little ruthenium that flows into Vhite O=k
Creek., However, in the wet winter season surface runoff from the lake bed

is high, and, therefore, larger amounts of ruthenium enter White Oak Creek.
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Introduction

White Oak Lake, shown on Fig. 1, formerly served as a final settling
besin for low~level radioactive wastes discharged from ORNL. Vhite Oak Dam,
o highway 7ill located 0.6 mile upstream from the confluence of White Osk
Creck ond the Clinch River, was closed in October 1943, At full pool the
loke extended sbout 1 mile upstream and covered an area of about bl seres.
The temporary holdup, provided by the impoundment s afforded some dilution
ond 2 period for the decay of short-lived radionuclides before release to
the Clineh River. It also =llowed the deposition and accmnule.tion of con-
taminated sediments. In 1955 the lske was drained, leaving behind approxi-
mately 1,000,000 cubic feet of contaminate& lacustrine deposits, Currently,
severzl thousand curies per year of ruthenium 7low onto the upper part of
the now dry lake bed from the ne#rby intermediste-level chemical waste pits.
A5 the waste water traverses the lske ted, a large part of the ruthenium is
removed from solution. The quantity, distribution, and migration of this

rutheniun within the lake bed is discussed in this report.

Intermediste-Level Liquid Weste Disposal at ORNL

At ORNL intermediate-level radiocactive liquid weste is discharged to

the soil by mesns of a series of seepage pits located in Melton Valley (See

2

Fig. 1. ).l’ Through Decenmber 1961, the system had received about 22 million

gallons of waste comtaining sporoximately 235,000 curies of Rul% , 183,000
curies of 0813 7, ho ,000 curies of Srgo, the rare earths, and lesser amounts

103 89 60 125

of Ru=~, 8r' 7, Co ", and 5b All of the radioactive materials are not

reteined by the waste-pit system, and, consequently, some asctivity 1s trans-

ported by ground water through the soil to surfoce streams east and west of
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the pits; For the period of June 195: to December 1958, less than 500 curiles
of cetivity had migrated from the wnste pit -reaj however, due to a silgnifi-~
cant inerease in the amount of Fission products released to the pits during
1959, -n estimated 13,000 curies of Rul was tronsported from the waste »its
onto the lake bed for the 3-year neriod, 1959-1961. The total azmount of -1l
other wrdionuelides leoving the »it sres since the pits were opeﬂed is estl-

- 60
noted Lo be less than 050 curies, most of which is Co .

Geclogy

The bed of Fommer “hite Ouk Lake is underloin by o thin loyer of recent

loeustrine sediment, 6 wo 1 feset of alluvium, :nd the Conasaugs shale for-

motion ¢f Combri.n sze, The locustrine sediment, which was devosibed duri
- b4 Fn

the 1945-195% impoundment, is pproximotely < Jeet thick in the lower part
of the 1:ke bed wesr the doam; however, there ips . graducl thinning of the

loyer upstresm =nd, in gener:1l, toward the shore line of the lske, Physieal
.nslysic of this materiasl indicates = composition of ~poroximately 5% sand,
0% silt, nd 35% elay znd, thus, is classified as : silty ecluy lo;:.m.5 The
~1luvisl meterial consists of - complex minbture of sond, 5ili, clay, ond
aravel. Core and auger samples teoken clong transects 2% the lower, middle,
~nd wper parts of the lake showed thst there wre no beds that persist ver-
ticazlly or laterzlly. However, detziled mechonicsl znalyses of the core :nd
~uger samples indicate that the smount of sand and gravel increases slightly
with depth, while the silt content decreases. Too, sand and gravel uppear
to be more prevalent near ¥hite Ozk Creek which mesnders through the areo.

There is a lack of bedding in the 2lluvium, since the material was trons-

7

sorted into the area by White Oszk Creek 2nd by tributa:y‘stfgams that drzin
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the surrounding highlands. Nenr the lower end of the lake, vhere the -1llu-
viwa is thickest, well-rounded vebbles 2nd cobbles of quartzite and other
rosistant materials occur imtermixed with the sonds, silts, ond clays. These

yebbles ~nd cobbles, which nre not representotive of the surrounding bedrock,

“pe bolieved Lo bo remnants of an oneient flood nlain of the nearby Clinch

The Conasauga shole formation underlying Melton ¥olley is cbout 1300
ot e R o A0 .
“oet thick, nd the most cormon wngle of dip is 307 to 20~ to the southe=st,.
T4 consists essentislly of o bosal red shale thot grades upward into groy
c-lonreous shale contrining thin~to-medium beds of limestone. The =mount
of limestone inereases toward the southeast znd is predominsnt in the upper-

1,
. - . 4 L. . o
rmost nortion of the Zormetion. mite Ock Loke lies in the upper part of

the Tomntion. Here it consigts of gray, thin-to-medium vedded, dense-to-orystalline

limestone that is interbedded with vuff-colored ealesreous shale.

Hydrology

211 draincge From the bed of former ¥White Osk Loke is into White Ock
Creak, which discharges into the Clinch River, Q.6 mile below ‘hite Cok Dom,
Boekwoter from Watts Bor Dom, located on the Tennessee River spproximately
60 miles downstream, extends into the lower reaches of the creek during the
swmer mopths. Thus, in order to prevent the reservoir water from entering
“hmite Osk Creek, the gate =t White Ock Dam is set o Tew inches sbove the full
Hool iavel of Watts Bor Reservoir. The 100,000-cubic-foot impoundment cre-

~ted pehind Thite Ozk Drm covers sboutb 0% of the nrea of the previous (1943

to 1955) inundation.
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A series of 31 shallow observotion wells ﬁ&s com§1eted in the bed of
+he lnke to define the configur-ticm of the witer hzble 2nd determine the
direction of ground-water movement. oter-level mensurements in these wells,
: de chout once =ach week for the veriod of fugust :8, 1961, to Janusry 5,
196L, indieate that the denth to ground water in the arec generslly voriss
Irorm 3 to 5 feet below the 1l-nd surface during the dry summer months :nd
foom < 1 to 1.5 feet during the wet winter months vhen tronspiration nd
evoporction sre lower,

The ceneral direction of sround-wster movement is toward vWhite Ok Creek

in the lower nortion of the luke bed; however, in the upper bed the movement

is more complex. Witer-toble contour maps indicute that the configurction

of tho water t-ble in the wmar sart of the re~ i sourebly iffected by
the Tlow of surtace woter ontc the 12 bed {ron the two stresme thot drodin

O PR P T e S0 SRR -
the woste it ores

v ). During the dry suemer months these otresms

K

rechoroe sround wster in the lske bed, and 1ittle or no swface wnter flows
= >
direetly into the creck., However, during the wet, winter months, when the

-

opoand vioter in the luke bed is close to the 1-nd surf:ice, some of the wiier

Tpomn these streams flows over the surface of the 1-ke bad into vhite Ok
C—napz‘- .

The hydraulic conductivity or permesbility of soil in the like bed wis
azsured by augering = cavity into the lske bed below the water tuble, -llow-

ing the cevity to fill with witer, lowering the woter level in the hole by

pum@ing, -nd observing the rote of rise of wuter level in the cavity. The

»ota of rise of woter level com be converted by o sulteble formula to The

hydroulic conductivity (k) for the s0il.” Results of - series of such tests
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Fig., 2. Water-Table Contours at White Oak Lake Bed, September 22, .Hmmw.
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than the underlying material. The -vercsge hydraulic conductivity of the
wrer 2 feet of soil wos caleulated to be 19 feet ver doy, whereas the iver-
~ge hydraulic conduétivity of the muterizl 2 to 5 Teet below the surface was
Zourd to be 1 foot »ner day.

“ter-table contour mens were used to determine hydraulic grodients in
the 1:ke bed. Figure . shows that the hydroulie grodient varies considersbly
within the ‘rez, being lowest in arsas where the woler toble was closest Lo
the 1l.nd surfrce. Hydrsulic zrodients beneuth the old loke bed vary from
0.05 to 0.01.

The rate of witer novement in the luke bed can be measured by on opopli-
enbion of Doxey's low which ds

.

"D

where
V = the veloecity of {flow
2

= the hydraulie gradient,

&3]
i

k = the proportionzlity Tuctor or the hydruoulic conductivity of the
porous mediwm, snd

» = the norosity of the mcterial.

By using the measured values given cbove znd by sssuming 2n aver=age norosity
of ;Oﬁ, the average velocity of ground water in the wpper and lower luyers

o7 lazke bed soil were calculated. In the upper & feet of soil, average woter
relocities range from 1 to 5 Teet per doy, whereas the rate of ground-woter
novement in the material o to 5 Teet below the surfrce vardes from 0.05 to

2,5 feet ver day. Thus, the sverage rate of ground-woter movement in the

wmar wort of the soll is uwoproximstely L0 times that of the lower.
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Soil Srzmling

General

Duélfo the nature of the loke bed enviromment, several obstuacles were
encountered thot hindered soil-scmpling operction, 25 well as other inves-
tigations in the area. The entire bed of the loke comprises o terrestri:zl
scologicnl ressarch site., Therefore, 1t wes egsentiazl that s:mpling opera-
tions should not change the enviromment, In nddition, the marshy conﬂitioﬁs
over much of the site prevented the use of heavy mechoniesal equipment. Due
o the high-r-diation Tield thot exdsts in the aren (Ridiation measurements
nade with = portoble jonizstion chomber-type instrument, "cutie pie,” show
mozizm dose rates of & rod per hour.), it was necessary to restrict work-
ing time.

% g-inch-dizmeter thin woll tube, known =5 the Shelby Tube Scxpler, s
used to obtoin core scmples in the loke Bed. The instrument was driven into
the esrth ond recovered monuslly. & total of 54 cores were Token, "phroxi-
mately SO feet spart, ~long lines estimnted to be 2t right =ngles to the
curToce Slow of waste over the loke bed {See Fig. 3.). The contemincted
cne encomp=ESes il nred of =bout 10 ccres., :s previous work indicaoted thot
noot of the cont:minstion was ossocisted with the wupper layer oF soil, .t

he

v

ezcﬁ cross section one borehole was szmpled to 2 depth of 5 Teed, while -
remnining cores were tuken to u depth of 2 Feet. The somples were sliced
nd segmented into inerements of O to £ inches, & %o 6 inches, £ to 1l: inches,
1. o 18 inches, 18 to o inches, ik to 36 inches, 76 to 48 inches, .nd 58

4o 60 inches. IJpproximotely & grams from ench increment was oven dried nd

o 106 . s
genaned For Ru uging - single-chonmel gorme cnolyzer.
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Results

Results from counting the sorples were plotted on cross sections to
indicate the vertieal ond litercl distribution of cctivity. For cross
section B-B' {See Fig. 4,) the highest concentrations of =ctivity occur
in the wppermost few inches of s0il near boreholes [ =nd 3. This condition is
‘5 expected, since the surftce “low of wosbe -t this cross section is argely
coniined to this zone., “lthough there wss some subsurface movement of whste
sowsrd borehole 1, the contmmination hos soread more in the direction of
boreholes 4 -nd 3, or towzrd ‘hite Ock Creek. This is believed to be due
l-rgely to the relatively steep ground-water gradient townrd White Oak Creek
in the wviecinity of this cross section which ccuses woste to move more readily
through the soil.

*

At eross section D-D' (See Pig. 5.) the meoximm concentrations of ru-
thenium ere ~round porsholes I, %, =nd 5. ‘S rince woter flow, which o
divided into two vrongs =t this point, coincides with these zones of muxi-
rmm eoncentraztion. In genernl, the ruthenium does not enter the like bed
201l over the full length of the section but is limited to these two zones
age., The activity cbserved in boreholes 1, 6, und 7 illustr tes the
2:bent of vertical snd loteral migration of the ruthenium from the points

of initial emtry into the soil. In compuring cross sectioms B-B' -nd D-D'
it is evident that the zone of contaminotion is wider =t the latter thon T
the former, and that the mruimum concentr-tions -re grester -t cross section

B-B', which is -~bout 400 feet nezrer to the scurce of contamination. The

deeper nemetrabtion of ruthenium cctivity «t section D-D' is due probotly o

. 3lishtly grester nerme bility of the soil .t thot »noint.
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Fig. 4. Cross Section B-B' in White Oak Lake Bed, Showing wzwom Concentrations
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Ru106 distribution exists 2t cross sec-

tarl

The same general pattern ¢
tion J-J' along Tract 2 (See Fig. 6.) s for cross sections B-B' -nd D-D'
clong Triet 1, However, the contominntion zone is not neorly <5 extensive.

The gu:intity of ruthenium in ezch cross section wns culeul:sted 2nd the
results, expressed in curies, summed to yield the total ruthenium in ench
traet., S8 of Februwry 1964, Troets 1 nd - conteined opproximately 100
curies of ruthenium., The cu:ntity of ruthenium Tor the severzl inerements
of denth and the .ctivity detected between cross sections is summerized in
Tohle 1. It 1s of interést to note. that 85% of the ruthenium wes Found along
Troet 1. This is due in port to the larger percentoge of ruthehium truonsport
onto the leke bed from the east stresm (85% of the totel in 1960 :nd 609 in
1961). |

Tt is »robazble thot the -mount of ruthenium in the lake bed vardes
grestly during the year. The -mount of activity leaving the woaste pits is
lorgely denendent on the concentration snd totzl volume of rutheniwm pumed
to the system.6 Thus, lorge cheanges in the volume ond concentretion of wiste
tronsported to the woste pits will greatly affect the tmount of ruthenium
thot flows onto the loke bed. In zddition, less ruthenium is removed Irom
the woste during the wet winter months when nost of the woter flows over
the surface of the bed into the ereek than during the dry sumer months when
the waste streams recharge the ground witer in the crea, Finally, the short
n:17 1life of the isotope (1 yeor) will couse the -mount of ruthenium in

storcge ond in transit through the =re:z to chunge grently in relotively

short pericds of tine.
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The same general pattern of Ru106 distribution exists at cross see-

tion J—J"along Tract 2 (See Fig. 6.) 23 for eross sections B-B' and D-D'
slong Traet 1, Koﬁever, the contamination zone is not nearly as extensive.

The quantity of ruthenium in each cross section wes ezlculated and the
results, expressed in curies, summed to yield the total ruthenium in each
troet, As of February 1962, Traets 1 and 2 contzined spproximately 1200
curies of ruthénium. The quanfity of ruthenium Tor the severzl increments
of depth and the activity detected between cross sections is sumerized in
Téﬁle l. It 1s of interest to note that 85% of the ruthenium was found 2long
Treet 1. This is due in part to theylarger percentage of ruthenium tronsport
onto the loke bed from the esst stresm (85% of the total in 1960 and 60% in
1961).

Tt is probable that the smount of ruthenium in the lake bed varieé‘
gre&tly during the yesr,. Theiamount of activity leaving the waste pits is
lorgely dependent om the eoﬁcentration and totzl volume of ruthenium pumped
to the SySfEMhs Thus , lérge chenges in the volume ond concentration of waste
tronsported to the weste pits will grestly affeet the wmount of rutheniﬁm
that flows omte the lake bed. In zddition, less ruthenium is removed From
the waste during the wet winter months when most of the water flows over
the surface ¢f the bed into the creek then during the dry summer months when
the waste streams recharge the ground water in the area. Finally, the short
half? life of the isotope (1 yéar) will eause the zmount of ruthenium in

storsge and in transit through the =rea to chunge greatly in relatively

short pericds of time.
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Teble 1. Distribution of Ru-106 (in curies) in the bed of former White

Qak Lake

Cross Depth from Surface (Inches) ' .
Sections 0=3"  2-6"  6-127  12-18" 18-24" 24-60" Total
‘Tract 1
AA'-BB' 62 35 "17;’ .3 1 5 123
BB'-CC" sk 32 28 6 - .k 13 167
ccrep' 35 W 3 20 15 9 255
pprommr 27 B 27 19 1 82 207
EE'-FF' 17 28 24 - 14 6 ‘ -v5h 143
sioget 21 29 az;' a7 "_;g 37w
216 209 162 9 50 - 320 L1036

 Tract 2
HE'-JJ" 5 2 2 <1 <1 3 12
JI' 13 8 7”5 2 1 5 36
e 20 19 16 . 6 13 65
L -t 116 12 _5 ;_; S & 59

’ 3,22 172

52 .45 37 13

Totals 268 25k 199 92 53 - 342 1208
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Retentlon of Ruthenium by Icke Bed Soil

In order to determine the degree of fixation of ruthenim by loke bed.
soil, surface samples (0 to 3 in.) of contaminsted soil were le&ched with
vorious solutions in the loboratory., TFive-grem portions of oven-dried soil
were nixed with 50-milliliter cliquots of variocus concentrations of Iﬂfﬂ\}oh ;
H-CH, HC1 s }:11‘%'05 s o8 well o5 vwith top water wnd distilled weter. A swimory
of the ver cent of ruthenium lesched from the soil by the various solutions
is presented in Table =, Relatively smoll mmounts of rutheniwm were leached
by top woter, distilled woter, nnd low normality zeidic snd basic solutions.
The quantity of activity removed from the soil inereased markedly only when
the pH of the leaching solution was raised or lowered beyond the limits of
percolating ground water or surface water. Thus s only o small f‘reption of -
the rutheniwm in the upper few inches of lake bed soil would be expected to
move through the soil by downward percolating rzinfall or earried off in solu-
tlon by surfaee water, which on oceasion floods the area.

The mechanisms by which ruthenium is retained by the soil 2nd the iden-
tification of the vsrious chemical species of ruthenium thet would be expected
in the loke bed have been discussed by Gailledreau.7 His work suggests thot
the ruthenium sepping from the waste pits is o mixture of nitrosylruthenium
hydroxide and mononitrato nitrosylrutheniwm. The hydroxide form is believed
to be retained by the soil, vhile the mononitrateo nitrosylruthenium rem-ins
2gsentially unadsorbed. However, os the waste solution travels through the
301l towsrd White Ozk Creek, = portion of the mononitrate ruthenium mey be

converted slowly to the hydroxide to re-estsblish the equilibrium disturbed

by the removol of the hydroxyl complex.
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Conclusions

Ruthenium is transported onto the bed of former White Ozk ILeoke by two
surfce stresme that drain the intermedlate-level woste pit area During
the dry swemer months these streams recharge the ground woter in the loke
bed, -nd there is relatively little surface flow into ¥hite Ozk Creek. How-
ever, in the wet winter senson much of the woste water from the pits lows
over the like bed intc the creek. Thus, in the dry swummer season only =

sp2l1l noart of the ruthenium thot lenves the wiste pits renches White Gk

Q

reck, while in the wet winter months = relatively large fraction of 1t enters
the creek.

Unon entering the loke bed soil, most of the ruthenium is sorbed on the
wner Pow inches of soil. The unsorbed ruthenium moves along the npaths pre-.
dicted by ground-water contours. The configurstion of the woter table in the
sres is messurebly sffected by the flow of the two surface streams that droin
the waste pits, causing the ruthenium to migrate wderground in msny direc-

ions, olthough nlways toward points of lower elevation. The maximm rote
of sround-woter movement, ond thus of ruthenium, in the upper ; Teet of soil,
is believed to be zbout 5 Feet per day; while in the material 2 to 5 feet

below the surfoce, the moximm rate of travel is approximately 0.25 ©t per
dsy. Since water moves much more readily through the wpper ¢ feet of loke
Tad soil, it ie to be expected thet 2 large part of the ruthenium would be
restricted in this zore. This was confirmed by onalytieal dota which shows
that sooroximately T70% of the ruthenium in the leke bed is assoeisted with
the uppermost 2 feet of soil.

The ruthenium sorbed by loke bed soil moves 2t such = slow rote through

the soil rnd subsurfoce trovel distonce is so great that redioactive deeny
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reduces the congentration of ruthenium in water reszching the creek to in-
significant proportions.

As of February 1962, the loke bed contained rpproximstely 1200 curiles
of ruthenium, However, it is likely that the ~mount of ruthenium in the
l2ke Ted will vary grently during the yesr.

Most of the ruthenium sorbed on the upver few inches of luke bed soil
is not readily lezchcble, =nd it is unlikely that large cmounts of ruthenius
would move suddenly through the soil by downword percolating rainfz2ll or be

"eorried off" in solution by the surface woter which oceessionally floods
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